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Animal-borne video and environmental collection systems (AVEDs) are powerful 
tools for researching the behaviour of elusive animals, such as brown bears (Ursus 
arctos), which allows scientists to safely record footage from the perspective of an 
animal. This study aimed to assess some merits and flaws associated with AVEDs by 
analysing 5177 video clips recorded with a GPS camera collar, between 03:00 – 
06:30 and 18:00 – 21:00 each day, which was attached to a male brown bear on 
Javorniki in Slovenia. Video clips were categorised into predefined behaviour, food 
and habitat categories. The most frequently observed behaviour, food and habitat 
was ‘foraging’ (45% of clips), ‘insects’ (41% of clips) and ‘forest’ (63% of clips). 
Our findings generally agreed with those of similar studies; however, due to the 
recording periods being restricted to dusk and dawn, our results did not represent the 
typical daily behaviour of bears. We concluded that, in its present state, the 
limitations facing this method make it more suitable for acquiring qualitative data 
rather than hard quantitative data. Until cameras can sustain continuous operation 
over longer periods of time and allow for night-time recording, AVEDs should be 
used as a source of qualitative data to accompany traditional methods of monitoring 
and to provide a visual channel between the scientific community and the public.  
  
Babić T. The advantages and disadvantages of using GPS camera collars to study brown bear behaviour in Slovenia.  
   B. Sc. Thesis. Ljubljana, Univ. of Ljubljana., Biotechnical Faculty. Forestry and Renewable Forest Resources, 2021 
 
IV 
KLJUČNA DOKUMENTACIJSKA INFORMACIJA 
 
ŠD Du1  
DK GDK 161+149.74(497.4)--017(043.2)=111 
KG 
monitoring živali, vedenje živali, rjavi medved, GPS video kamera, 
avtomatsko video zaznavanje dogodkov 
AV BABIĆ, Tibor 
SA JERINA, Klemen (mentor) 
KZ SI-1000 Ljubljana, Večna pot 83 
ZA 
Univerza v Ljubljani, Biotehniška fakulteta, Oddelek za gozdarstvo in 
obnovljive gozdne vire 
LI 2021 
IN 
PREDNOSTI IN SLABOSTI VIDEO GPS OVRATNIC ZA 
PREUČEVANJE VEDENJSKIH ZNAČILNOSTI RJAVEGA MEDVEDA V 
SLOVENIJI 
TD Diplomsko delo (univerzitetni študij – 1. stopnja) 




Video posnetki narejeni s strani živali in GPS kamera ovratnice (AVED) 
predstavljajo močno orodje za raziskovanje vedenja izmuzljivih živali, kot je rjavi 
medved (Ursus arctos), kar znanstvenikom omogoča varno snemanje posnetkov z 
vidika živali. Cilj te raziskave je bil oceniti nekatere prednosti in pomanjkljivosti 
povezane z AVED-ji, z analizo 5177 video posnetkov, posnetih z ovratnikom kamere 
GPS, med 03:00 - 06:30 ter 18:00 - 21:00 uro vsak dan, ki je bil pritrjen na samca 
rjavega medved na Javornikih v Sloveniji. Video posnetki so bili razvrščeni v vnaprej 
določene kategorije vedenje, iskanje hrane in habitatni tipi. Najpogosteje opaženo 
vedenje, hrana in habitatni prostor so bili "iskanje hrane" (45 % posnetkov), 
"žuželke" (41 % posnetkov) ter "gozd" (63 % posnetkov). Naše ugotovitve so se na 
splošno ujemale z ugotovitvami podobnih raziskav; ker pa so bila obdobja snemanja 
omejena na čas mraka in zore, naši rezultati niso predstavljali običajnega dnevnega 
vedenja medvedov. Ugotovili smo, da je, glede na trenutno stanje te metode in njenih 
omejitev, le-ta bolj primerna za pridobivanje kvalitativnih podatkov kot solidnih 
kvantitativnih podatkov. Dokler baterije ne bodo mogle neprekinjeno delovati dlje 
časa in bodo kamere uspešno lahko snemale tudi ponoči, je treba AVED uporabljati 
kot vir kvalitativnih podatkov, v kombinaciji z bolj uveljavljenimi metodami 
monitoringa živali. Hkrati lahko AVED zagotavlja vizualni kanal med znanstveno 
skupnostjo in javnostjo. 
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Observing and monitoring the behaviour of elusive, far ranging terrestrial animals, such as 
the brown bear (Ursus arctos), is a difficult task for wildlife researchers (Kaczensky, 
2006). Acquiring accurate data on the behaviour of such animals is difficult because they 
occur at low densities across large habitat ranges and frequently exhibit secretive, solitary 
and nocturnal habits (Prosekov et al., 2020). This creates a variety of methodological 
problems for researchers and limits their ability to accurately observe fine-scale behaviour 
of elusive forest dwelling species such as the brown bear. Existing methods of remote 
monitoring such as radio and satellite telemetry have considerable limitations when used 
for documenting finer scale behaviours and activity patterns of secretive species despite 
their widespread use (Thompson et al., 2012). Due to the limitations of these ‘traditional’ 
methods of studying animal behaviour, subtle information about how elusive species 
behave and interact with their environment remains unknown relatively to us (Thompson et 
al., 2012).  
 
Recent technological advances have given rise to a promising method of studying animal 
behaviour in the form of animal-borne video and environmental collection systems 
(AVEDs), more simply known as GPS camera collars. These integrated video camera 
systems have allowed scientists to address important questions about fine scale animal 
behaviour, foraging and habitat use at a scale that other, previously used methods have not 
been able to (Moll et al., 2007).While hypothesis-driven terrestrial studies using AVEDs 
are still relatively scarce, the discoveries made through the use of this technology 
demonstrate its relevance and potential in future research into the behaviour of large, 
elusive, forest dwelling species (Moll et al., 2007; Egan, 2019). With the return and rise of 
once depleted carnivore populations, human-animal conflicts are inevitably increasing and, 
as a result, there is a profound need to better understand the behaviour of these animals if 
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2 OBJECTIVE OF STUDY 
 
The objective of this thesis is to assess some of the advantages and disadvantages of GPS 
camera collars in their current state and evaluate their usefulness in studying animal 
behaviour, particularly for large carnivores. This thesis will also present the findings of a 
case study on a brown bear and evaluate the limitations observed in the application of this 
method.  
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3 
3 LITERATURE OVERVIEW 
 
3.1 BROWN BEARS IN SLOVENIA 
 
Brown bears in Slovenia are wide ranging, forest-dwelling, solitary and non-territorial 
species that are difficult to study and observe in the wild (Jerina et al., 2013). Due to 
extensive hunting and habitat fragmentation, brown bears in Europe have developed 
predominantly nocturnal and crepuscular behavioural habits and are known to avoid people 
(Jerina et al., 2003; Parres et al., 2020). Bears in North America, on the other hand, display 
more diurnal behaviour compared to their conspecifics in Europe (Kaczensky, 2000; 
Klinka and Reimchen, 2002). This diurnal behaviour is largely due to the abundance of 
true wilderness areas, which are no longer present in Europe. These nocturnal and diurnal 
patterns are most probably also linked with the history of bear hunting, and also certain 
intra-species interactions. The diurnal activity patterns of North American bears have been 
known to shift towards nocturnal behaviour in areas with high levels of human activity 
suggesting that nocturnal behaviour bears is an individually learned trait. In Europe, this 
“shyness” is an important factor for allowing bears to co-exist with humans in multi-use 
landscapes (Kaczensky, 2000; Kaczensky et al., 2006). Brown bears have large, 
overlapping home ranges which mostly consist of densely forested habitats. The large size 
of bear home ranges can be attributed to their body mass, omnivorous and non-territorial 
nature. Brown bears occur in low population densities which often fluctuate as bears move 
across large distances between regions, making it difficult to accurately estimate 
population density (Jerina et al., 2013). In 1970 the Slovenian brown bear population size 
was estimated to be around 190 individuals, which grew to approximately 300 individuals 
in 1993, 570 individuals in 2008, and 800 individuals in 2016 (Jerina et al., 2020). This 
population has largely remained confined to the south and south-eastern core protection 
areas of Slovenia (which contained around 92% of the Slovenian bear population in 1967) 
and has been steadily expanding towards the alpine regions where sheep farming was 
widespread (Kaczensky et al., 2004; Jerina and Adamič, 2008). The most recent research 
estimates the current Slovenian brown bear spring (including cubs) population to be around 
1000 individuals (Jerina et al., 2020). With the bear population increasing and expanding 
further into human dominated areas which are not accustomed to the presence of bears, an 
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increase in local human-animal conflicts is inevitable. The most recent data on brown bears 
in Slovenia suggests that in the last 10 years, all primary forms of human-bear conflicts 
have increased (Jerina et al., 2020). If these human-animal conflicts are to be effectively 
managed and resolved it is imperative to further our knowledge and better understand the 
behaviour and activity patterns of such animals (Jerina et al., 2013; Egan, 2019). 
  
3.2 ANIMAL-BORNE VIDEO SYSTEMS 
 
Efforts to research and understand the behaviours of large elusive animals, such as the 
brown bear, have been mostly limited to direct ground observations, indirect methods of 
scat or track assessments, camera trapping, aerial surveys using very high frequency 
(VHF), animal- borne sensors such as tri-axial accelerometers, or satellite telemetry using 
Global Positioning System (GPS) units (Thompson et al., 2012; Jerina et al., 2013; Egan, 
2019). While the development of modern satellite and radio telemetry has allowed 
researchers to track the movement of animals with considerable spatiotemporal accuracy, 
the data such methods yield are not sufficient for investigating fine-scale information on 
behaviour and foraging habits (Thompson et al., 2012, Brockman et al., 2017). Camera 
traps have become increasingly popular due to the valuable information they provide and 
their versatility in ethological studies. They are able to capture videos and footage of 
detailed behaviours from a stationary perspective, and are well suited for studying animal 
behaviour. They are however, restricted in that they only provide information from a 
limited perspective for a limited amount of time and they are dependant the presence of an 
animal to activate. 
 
Animal born video and environmental collection systems (AVEDs), first developed in the 
1980’s by Greg Marshall, are integrated video camera systems that allow researchers to 
record animal behaviour from the animal’s perspective whilst simultaneously collecting 
data from other animal-borne sensors attached to the collar (Moll et al., 2007). While its 
application in terrestrial research has been limited, it has provided valuable insight into the 
interactions and behaviours of elusive species that would otherwise be difficult or 
impossible to observe by traditional means (Egan, 2019).  
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Research with AVEDS has primarily focused on marine species, resulting in the aquatic 
AVED technology progressing more rapidly than terrestrial systems. Aquatic systems have 
used on-board data storage systems while terrestrial AVEDs have traditionally used 
transmission-based systems which, while reducing memory usage, require the user to stay 
within a certain range of the collared animal to allow recorded footage to be transmitted. 
While this allows for longer recording times, it also introduces difficult logistical problems 
when tracking elusive and shy animals across densely vegetated, inaccessible terrain. As a 
result, research on terrestrial animals has been scarce and has primarily focused on easily 
trackable animals that are compatible with transmission-based systems (Moll et al., 2009). 
As terrestrial AVEDs have transitioned to on-board storage, they have become more viable 
to use in researching behaviours of elusive animals in a non-invasive manner (Egan, 2019). 
Moll et al. (2009) conducted one of the first terrestrial studies to use on-board storage 
AVED systems for researching fine-scale animal behaviour. They discovered several 
behaviours and interactions between deer that had not previously been captured using other 
available methods. Thompson et al. (2012) also used AVEDs to observe aspects of 
woodland caribou (Rangifer tarandus caribou) biology that had previously not been seen, 
including diet during the snow-free period, intra-specific interactions, fine-scale habitat 
selection and calf behaviour. Brockman et al. (2017) recorded footage of a rare case of 
cannibalism between a 10-year-old male and 6-year-old female brown bear and found that 
traditional methods of estimating kill rates were inaccurate. Bowersock et al. (2015) found 
that field crew investigations correctly identified bear activities or foods being consumed at 
only 7.1% of the GPS locations they searched. The crews found ripped logs, suggesting the 
bear was searching for ants or insects at the site, however, video footage from the location 
later showed that the bear had instead foraged for other food such as Oregon grapes and 
service berries. In their study, they also documented the behaviour of a black bear and a 
grizzly bear whilst feeding in an apple orchard. Video data showed that when feeding from 
the apple trees, the black bear consumed single apples while the brown (grizzly) bear was 
more likely to rip off entire branches. The findings of these studies are examples of fine 
scale observations that can be crucial if we wish to better understand the behaviour of large 
elusive predators and effectively manage and resolve inevitable conflicts that may occur in 
multi-use landscapes (Egan, 2019; Kaczensky et al., 2004). 
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The potential of AVEDs is greatest when it is used in conjunction with other animal-borne 
sensors, where it can provide important contextual information that traditional direct and 
indirect monitoring methods lack (Moll et al., 2007; Brockman et al., 2017). Many early 
studies using AVEDs have been primarily descriptive in nature and have not applied under 
clear and focused hypotheses. These studies have been extremely valuable in building up 
our knowledge on the behaviour of elusive species and have provided the foundations for 
many subsequent studies to take place; however, they would be more useful if directed by 
pertinent research questions which focus on specific aspects of animal behaviour (Moll et 
al., 2007).  
 
3.2.1 Limitations  
 
AVEDs are limited by a series of interdependent factors: Battery capacity, storage, weight, 
and size. These factors are closely related and are directly proportional to the size of the 
animal in question. As a result, constant compromise is required to optimize the system to 
provide high quality data.  
 
  
Babić T. The advantages and disadvantages of using GPS camera collars to study brown bear behaviour in Slovenia.  
   B. Sc. Thesis. Ljubljana, Univ. of Ljubljana., Biotechnical Faculty. Forestry and Renewable Forest Resources, 2021 
 
7 
3.2.1.1 Weight, size and storage 
 
Whether it is by direct observation, or animal tagging, a considerable challenge that animal 
researchers face is making sure research methods do not compromise an animal’s natural 
behaviour. In the case of AVEDs, this means minimizing the impact a collar has on the 
animal’s behaviour by reducing its weight and size. The size and weight of these systems is 
highly variable and, of course, is directly related to the size of the animal. Studies on the 
effects of telemetry collars on animals suggest that these tags should be lighter than 3-5% 
of the animal’s body weight in order to be ethically acceptable and minimize disturbance to 
the animal (Moll et al., 2007; Millspaugh et al., 2007). Although some studies have 
reported devices of this weight to cause changes in animal behaviour, such as reduced 
mobility, there is also evidence suggesting that these effects, if any, do not contribute to 
any long-term changes and are temporary (Rachlow et al., 2014; Egan, 2019).  The 
restriction on the size and weight of these devices has direct implications for the other 
components of this system. For example, a smaller animal will need a smaller camera 
system, which means shorter battery life, and lower resolution videos. Larger mammals 
such as brown bears are able to be fitted with larger systems which in turn allow for larger 
battery capacities and longer recording times. 
 
3.2.1.2 Battery capacity and Storage 
 
Due to the size and weight restrictions in place, devices are also limited in their battery life 
and storage capacity. Because of their limited battery life and storage, AVEDs are not 
suitable for long term deployment and are instead mainly deployed in short-term studies 
which focus on fine-scale individual behaviour. Studying larger animals allows researchers 
to use larger systems which have more storage and larger batteries, allowing for longer 
recording times and more data collection. However, even with larger systems, an important 
trade-off between battery life and storage capacity must be considered when programming 
the camera to record. Less frequent, shorter recordings at a lower resolution prolong 
battery life and use less storage, but significantly decrease the quality of data and risk 
missing important information. On the other hand, frequent, continuous high-quality 
recordings provide excellent footage, but significantly reduce battery life and therefore the 
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amount of data that can be collected (Egan, 2019). Researchers must therefore carefully 
decide on the frequency, quality and length of video clips that they wish to record and what 
they wish to capture. Considerable effort goes into capturing and collaring animals so it is 
in the best interest of researchers to collect as much relevant data as possible and minimize 
the disturbance to the animal. For this reason, it is important to have clearly identified 
research questions in order to optimally programme the camera for the specified objective 
(Moll et al., 2007). To account for these limitations, cameras can be programmed to duty 
cycle, meaning that recording periods are determined by the researcher in advance and the 
camera will record only during these periods. Duty cycling increases the chance of 
recording the desired behaviours during a period of peak activity, and reduces the amount 
of poor quality data obtained during periods of inactivity. Duty cycling also allows 
researchers to programme the camera to record at times of day when ambient lighting is 
adequate. Camera recording can also be associated with other integrated sensors to 
automatically record in response to certain light conditions or movement signals (Egan, 
2019). Current commercially available memory cards in camera collars can store around 
500GB of data, which can be extended if video compression and lower resolution footage 
is used. However, as large resolutions such as 4K and 8K push the memory card market 
forward, advancements in storage capacity are rapidly eclipsing improvements in battery 
technology with cards soon being able to hold over 2TB of data (Moll et al., 2007; Egan, 
2019).   
 
3.2.2 Cognitive bias 
 
Directly observing animals in their natural environment is the most unambiguous method 
of studying animal behaviour (Löttker et al., 2009). However, this method is often not 
possible and presents a series of problems which limit its usefulness in providing reliable, 
unbiased data on animal behaviour. Observing such animals, while remaining undetected, 
is rarely possible in a natural setting and the mere presence of an observer can alter the 
behaviour of the animal being studied. In long term studies, it is possible to habituate 
individuals to the presence of humans; however, this is a labour-intensive and time-
consuming process that is not practical for the majority of studies (Brown et al., 2013; 
Löttker et al., 2009). Furthermore, even if individuals are successfully habituated, the 
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presence of humans may still affect the behaviour, or the behaviour of other non-habituated 
species they interact with, in subtle ways which can impact the validity data (Brown et al., 
2013). Certain behaviours are not affected by habituation and can therefore be studied on 
habituated individuals; however, the purpose of AVEDs is to provide insight into 
behaviours which are sensitive to habituation with as little impact on the animal as 
possible. Part of this problem is solved by the use of AVEDs; however, an issue affecting 
both of these observational methods is the inherent cognitive bias present in human 
conducted observational research. These cognitive biases, or observer effects, have been 
recognized in other fields; however, their effect in animal behaviour research has not been 
sufficiently documented (Tuyttens et al., 2014). Page et al. (2012) describe the term 
cognitive bias as “the psychological sway toward one opinion versus another as a result of 
having information extraneous to the task at hand – in other words, bias induced by 
“knowing” something” and explain that this type of bias becomes especially prevalent and 
problematic where data is ambiguous or of poor quality. Due to the limited options that 
researchers have for observing the behaviour of secretive species in the wild, they often 
deal with low quality images or video recordings which do not always show clearly 
identifiable behaviours and are therefore open to multiple interpretations. AVEDs produce 
a large quantity of unclear footage which is can be subjectively interpreted. This makes 
researchers susceptible to forms of cognitive bias such as confirmation bias and 
expectation bias, which occurs when certain results or conclusions that align with the 
researchers pre-existing beliefs or expectations are favoured (Page et al., 2012; Tuyttens et 
al., 2014). Researchers with an objective of finding rare behaviours may misinterpret 
obscure video clips in favour of their research objective.  
 
Another effect that can occur when large amounts of ambiguous data is being analysed is 
the contrast effect. This effect describes the inclination to alter one’s judgement after being 
repeatedly exposed to data of a particular type or “threshold” which can take place when 
analysing large quantities of similar data (Page et al., 2012). After analysing thousands of 
video clips and being repeatedly exposed to “less exciting” clips, researchers are subject to 
lowering the threshold for identifying certain behaviours and therefore altering their 
criteria in favour of discovering more exciting and relevant results which may not be there 
(Page et al., 2012). In a study conducted by Tuyttens et al. (2014), veterinary students were 
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tasked with scoring video clips of farm animal behaviour which were said to have been 
subjected to different conditions, but were in reality slightly modified duplicates of the 
original clips. They found that in each of the three trials, students gave higher scores to 
behaviours in the duplicate clips with misleading contextual information. They concluded 
that these biases are likely to be important factors to consider in animal behaviour research.  
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4.1 STUDY AREA 
 
The study took place in 2018 and covered part of the core bear protection area 
(approximately 4000 km
2
) in the Slovenian Dinaric Mountains (45 ̊25'–45 ̊47'N, 14 ̊15'– 
14 ̊50'E). The study area is located in a northern section of the Javornik Hills, and is 
surrounded by the Cerknica basin to the East and North, the Pivka basin to the West, and 
continues South towards Snežnik and the mountainous region of Gorski Kotar. The area is 
densely covered with forest and predominantly features beech (Fagus sylvatica) and fir 
(Abies alba) plant associations (Omphalodo-fagetum). The area also includes open 
meadows next to a military training ground Poček, which was visited by the bear on one 
occasion, and towns, the nearest of which was Postojna. This part of Slovenia boasts one of 
the largest known brown bear population densities in the world, estimated to be at 0.5 
bears/km
2
, and features a variety of other carnivores, ungulates and bird species (Jerina et 
al., 2013; Jerina et al., 2020). The climate is continental, but features a combination of 
Alpine, Mediterranean, and Pannonian climate conditions resulting in hot summers, cold 
winters, and considerable annual precipitation. The average annual temperature is 7 ̊ C and 
an average annual rainfall of 1700 mm (Fležar, 2019).  
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4.2 CAMERA PROGRAMMING AND BEAR CAPTURE 
 
4.2.1 Bear capture and collaring 
 
In June 2017, a male brown bear was sedated with a tranquilizer dart and collared with a 
Lotek GPS camera collar. The bear weighed 149kg, and was 168cm long and 71cm high. 
The sedative, containing a mixture of Zoletil and Medetomidine, was administered via a 
dart rifle which was shot from a high seat located approximately 15m from a baited area 
near a feeding site. This free-ranging method of baiting and darting animals from a high 
seat does not require trapping and therefore reduces the stress an animal is subjected to and 
reduces the probability of injuries caused by trapping. It does require the animal to be 
tracked, either with tracking dogs or a transmitter in the dart. After being inspected, the 
bear was fitted with an integrated Lotek Video GPS-GSM collar which consisted of a 
Lotek camera module, GPS receiver, GSM unit, VHF channel, and an accelerometer. 
 
4.2.2 Camera programming 
 
Lotek camera systems are pre-programmed with instructions, specified by the researcher, 
and are delivered close to the start date of a study. This is done to maximise the battery life 
by. It does mean; however, that recording times, frequency, length, and type must all be 
specified prior to the start of the study and cannot be changed once the camera has been 
delivered. This is a serious limitation, as it requires researchers to estimate what the 
optimal settings might be and renders them unable to make adjustments should these 




 of June, and the 27
th
 of July, the camera was programmed to record two 
10-second-long video clips every 5 minutes on a duty-cycle from 03:00 to 06:30 and again 
from 18:00 to 21:00 GMT every day. Each pair of video clips was recorded consecutively 
resulting in 20 seconds of unbroken footage every 5 minutes equating to 136 clips per day 
(25 minutes of footage). The times of day chosen for the recording reflect when bears are 
thought to be most active and when light conditions are sufficient for filming. As it was 
impossible to record during the night, the camera needed to be programmed to film as 
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close to dawn and dusk as possible, when bears are most active, to maximise the chance of 
capturing footage of fine-scale activity. The integrated accelerometer measured 
acceleration data every 5 minutes throughout the duration of the study. Two measurements 
were taken at each 5-minute interval, one measuring horizontal acceleration, and one 
measuring vertical. GPS coordinates were recorded every 30 minutes. The collar was 
programmed with a 1 month drop off time, after which it was retrieved and its data 
downloaded.  
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4.3 VIDEO ANALYSIS 
 
The recorded video clips were grouped into folders corresponding to the date of recording 
and downloaded from the internal storage into Microsoft Access, which was used to 
manually sort the video clips into the predetermined behavioural, environmental and 
dietary categories. These categories were based on existing research into monitoring bears 
through camera collars in Slovenia but any new behaviour, foods, or habitats that were 
observed were added to the list. Behaviours or foods which did not fit into specific 
categories and only occurred in less than 1% of clips were categorized as ‘other’ and 
marked as points of interest. Each video clip was viewd in order and analysed 
independently from one the others to ensure the content of previous videos did not 
influence the interpretation of following clips.  
 
Videos were categorised according to the following criteria and order (see Table 1): 
 
1. Activity – Was the bear resting, moving, foraging, or engaging in inter-specific 
interaction? 
2. Behaviour – Which sub-behaviour, from the chosen activity categoriy, did the bear 
engage in? 
3. Which food item was present? 
4. Was the bear feeding? 
5. In which habitat was the video recorded? 
 
Behaviours listed under different activities were mutually exclusive and could not be 
selected together. If a video was categorised under the activity ‘Moving’, then it could not 
be further categorised according to behaviours listed under the ‘Foraging’ category. Food 
items, feeding, and habitat were kept independent of behaviours and activity in order to 
allow certain behaviours to cross over, for example feeding and moving. The duration of 
behaviours was not measured.Following the initial sorting of videos into categories, the 
categorized videos were then exported to Microsoft Excel and processed using pivot tables 
to analyse the frequency of activities, behaviours, food items, and habitats. 
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4.3.2 Activity and behaviour  
 
The collected videos were first categorised into one of 4 broader activities: resting, 
moving, foraging, and social interaction, and were then further categorised by one of the 
behaviours listed under that activity. Videos which were entirely obscured, either due to 
poor light conditions or lens obstruction were marked ‘black’. Behaviour, food, and habitat 
categories from these clips were marked N/A as there was no interpretable content in the 
videos.  
 
Table 1: A list of activities and behaviours used to categorise video clips 
Activity Behaviour Definition 
Resting Sleeping No camera movement; lying down 
Lying and moving Lying down making small movements such as rolling 
or scratching 
Grooming Sitting or lying whilst grooming 
Moving Walking Walking at moderate speed; muzzle level with horizon 
Looking around Bear stationary and observing surroundings 
Standing Bear stationary and looking at fixed point 
Running Rapid forward movement accompanied by up and 
down shaking of camera  
Other Specific behaviours that do not fit into any category 
Jumping Single instance of an up and down jerking camera 
motion indicating an ascent and decent. 
Foraging Searching with smell Walking with muzzle close to the ground; slight head 
movements left and right. 
Feeding from floor Clearly identifiable chewing or licking of food items 
other than plants located on ground e.g. insects 
Feeding from plants Feeding exclusively from plants or berries. 
Digging Camera angled down; paws and digging motion 
visible 
Ripping / tearing Tearing open objects or food items with claws 
Drinking Muzzle close to water and visible licking 
Social interaction   All intra-specific interactions 
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Behaviours such as sleeping, lying, or grooming fell under the ‘resting’ activity. Clips in 
which the bear was completely still were labelled as sleeping, and differentiated to clips 
which involved the bear lying and moving or rolling.  
 
 
Figure 1: Two screenshots showing the bear sleeping (Left) and lying and moving (Right). 
 
Videos showing travel and general movement such as walking, standing, looking around, 
running, jumping and shaking were categorized as ‘Moving’. Videos involving any form of 
feeding or searching for food were categorized as ‘Foraging’, including videos where the 
bear was walking with its snout close to the ground. These videos, which showed the bear 
searching with smell, had to be distinguished from walking behaviour which was instead 
characterized by the head being held high in level with the horizon. Figure 2 shows the 
slight difference in head position when the bear is searching for food and when it is 
walking. 
 
Figure 2: Two images taken from video clips showing the slight difference between 
‘searching with smell’ (Left) and ‘walking’ (Right). 
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The final activity was social interaction, which consisted of videos featuring the male bear 
interacting with another bear. These interactions included mating, playing and observing. 
 
4.3.3 Food items 
 
Alongside activity and behaviour, a separate category for feeding and food was used to 
distinguish and identify all videos which featured feeding and showed a food being 
consumed or in the near vicinity of the bear. These listed food items were: berries, carrion, 
corn, apples, insects and wild plants. Where no food was visibly present, this category 
would be marked ‘N/A’. If the bear was feeding but the specific food item was 




The following habitats were recorded: forest, clearing/glade, meadow, road, railway, 
artificial feeding site, riverbed, and cave. Where the habitat could not be identified due the 
poor lighting conditions or obstruction of the lens while sleeping, the category was marked 
‘N/A’. 
In areas where multiple habitats were present, the clip was categorized according to the 
most prevalent habitat. 
 
Table 2: A list of habitats and their definitions, under which videos were categorised 
Environment Definition 
Forest  Dense tree canopy, only trees visible in frame 
Clearing/glade Openings in forest cover; grassy clearings or grassy patches in forests 
Meadow Expanses of grass including larger grass clearings on forest borders. 
Artificial feeding site Bear moving around or feeding from an artificial feeding site 
Road Visible roadside 
Railway Tracks or stones surrounding tracks visible.  
Cave Visible structure of a cave, or entrance to cave 
Riverbed Visible riverbed; rocks from dry riverbed 
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Figure 3: The various habitats captured by the camera collar. In order from left to right, 
the screenshots show: Forest, clearing, meadow, feeding site, road, railway, cave, and 
riverbed. 
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5.1 VIDEO CAMERA PERFORMANCE 
 
The total number of videos recorded was 5177. With each clip being 10 seconds long, this 
totalled 14.38 hours of footage. Of the 5177 clips obtained, 4112 (79%) were clear and 
1065 (21%) were either entirely obstructed or too dark due to poor light conditions and 
therefore labelled as 'Black'. Videos that enabled at least one activity, behaviour, food, or 
habitat to be identified were categorized as “clear”. These clips produced varying levels of 
clarity depending on the light conditions and position of the bear, for example, some clips 
were clear enough to show a feeding behaviour, and a habitat within which the feeding 
took place, but were not clear enough to identify the specific food type being consumed. 
Of the 550 clips that featured feeding behaviour, 16% did not allow for the specific food 
type to be identified due to the camera being obstructed by the chin during feeding, or tall 
vegetation obstructing the lens. In 3% of all clear videos, the habitat could not be 
identified.  
 
5.2 BEHAVIOUR  
 
Throughout the study period, the bear spent the majority of time foraging (45%) and 
resting (39%), and the least time moving, or travelling, (15%) and engaging in social 
interaction with a female bear (1%). These results do not factor in obstructed clips and are 
taken as a percentage of the 4112 clips labelled as ‘clear’. 
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Table 3: The list of behaviours used to categorise videos, and the frequency with which 
they were observed in video clips, calculated as a percentage of clips labelled as ‘clear’. 
Activity Behaviour Count % 
 
Resting 
Sleeping 1222 29.72 
Lying and moving 352 8.56 




Walking 260 6.32 
Looking around 258 6.27 
Standing 97 2.36 
Running 44 1.07 
Other 11 0.27 





Searching with smell 1191 28.96 
Feeding from floor 353 8.58 
Feeding from plants 196 4.77 
Digging 32 0.78 
Ripping / tearing 39 0.95 
Drinking 4 0.10 





In the 1590 videos of the bear resting, 77% of clips showed the bear sleeping and not 
moving. The remaining clips were divided between lying and moving, and grooming 
behaviours which occurred in 22% and 1% of clips respectively. All of these behaviours 
primarily took place in forest habitats.  
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Figure 5: The percentage of videos showing resting behaviours such as sleeping (blue), 
lying and moving (red) and grooming (green). Percentages were taken from the 1590 clips 




The most common form of movement observed by the bear was observation or ‘Looking 
around’ which appeared in 260 (38%) of the 678 clips categorized as ‘Moving’, and 
walking which appeared in 262 (39%) of clips. Despite the difficulty in distinguishing 
some behaviours, the majority of movement related behaviours such as: jumping (1%), 
running (6%), standing (15%), walking and looking around were identifiable. More 
ambiguous movements such as shaking, rocking, and combinations of multiple less 
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Figure 6: The percentage of videos showing movement related behaviours such as walking 
(blue), looking around (red), standing (green), running (purple), jumping (teal) and less 





Foraging behaviour was observed in 1815 (45%) of the 4112 clear video clips recorded, 
making it the most frequent activity observed. Out of the behaviours listed under 
‘Foraging’, 66% of clips showed the bear walking with its nose pointed down searching 
with smell, making it the most common behaviour by a large margin. 19% of the 1815 
clips showed the bear feeding from the floor, and 11% showed feeding from plants. 2% of 
clips showed the bear digging and ripping or tearing bark/tree stumps. Feeding behaviour 
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Figure 7: Percentage frequency of clips showing behaviours categorised under 'Foraging' 
 
5.2.4 Social interaction 
 
1% of videos (42 clips) show the male bear interacting with female bears. These 
interactions were not distinguished into separate categories and included mating, playing, 
and tailing. 11 separate encounters were observed, 9 of which occurred on separate days. 5 
encounters took place between 3:55 – 6:00 and 6 between 18:40-19:30. Identifying specific 
micro behaviours during playing and mating was difficult due to the frequent obstruction 
of the camera lens by the fur of both the male and female bear. It is unknown whether the 
the females shown in different encounters were the same or not.  
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5.3 DAILY ACTIVITY AND LOCATIONS 
 
Between 20.06.2017 and 24.07.2017, 9431 readings were taken by the accelerometer, each 
pair consisted of a reading for X and Y acceleration. Figure 9 shows the average of 
acceleration data at each 5 minute interval, collected across the study period. The bear 
displayed primarily nocturnal activity patterns, being most active between 21:00 and 4:00, 
and least active between 07:00 and 17:00. The location data, collected by the GPS unit, 
indicates that the bear travelled mostly during the night and early morning. The bear was 
mostly active in the area surrounding Postojna, at the western foothills of the Javorniki 
Mountains and in the Pivka valley. One single excursion to Rakov Škocjan can be 
observed in Figure 10.  
 
 
Figure 9: The typical daily activity pattern of the male bear throughout the study period. 
The morning recording period between 3:00 – 6:30 is shown in green; the evening period 
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Figure 10: GPS location data showing the bear’s location during the day (white), night (yellow) and during recording (red). 
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Forest environments were the most frequently occurring habitat type, being the main 
environment present in 63% of clips. 27% of the clips saw the bear active in clearings or 
glades where forest cover was lacking and 4% of clips were recorded in a meadow. 
Uncommon environments such as Artificial feeding, Roads, Railways, Caves and 
Riverbeds were present in less than 1% of video clips. 2 clips showed the bear taking 
shelter in a cave. These clips were taken one after the other and were extremely dark 
allowing only the cave entrance to be briefly visible.  
 
Table 4: The frequency occurrence of habitats in recorded footage 
Habitat Count % 
Forest - only trees 2573 62.6 
Clearing/glade 1128 27.4 
Meadow 171 4.2 
Feeding site 24 0.6 
Road 41 1.0 
Railway 5 0.1 
Cave 2 <0.1 
Riverbed 2 <0.1 
 
In forest environments, sleeping and foraging were the primary behaviours displayed by 
the male, comprising 35% and 25% of all forest clips respectively. Clearings were also 
frequently visited while the male was foraging; however, both forests and clearings were 
almost equally as popular for feeding – 44% of feeding instances occurred in forests while 
47% occurred in forests. Around roads and railways, the bear was seen observing its 
surroundings and travelling while searching with smell. In meadows, the primary 
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5.6 FOOD ITEMS 
 
Insects and berries were the dominant food of choice throughout the study period. 550 
instances of feeding were recorded across this period. 41% of clips showed insects being 
consumed by the bear. These insects were primarily unidentifiable white larvae and ants. 
Berries made up the second most frequent food item, comprising 30% of all feeding clips. 
These berries were exclusively raspberries (Rubus idaeus). The bear was also seen 
consuming other unidentifiable wild plants in 7% of the clips. Carrion was scarce, and only 
constituted 2% of the feeding clips. Identifying carrion as a food item was not possible due 
to the position of the bear while feeding, the quality of the recordings, and the degraded 
state of the carrion. No instances of predation were recorded. 
 
 
Figure 11: Screenshots showing the bear consuming carrion (top left; top right), insect 
larva (bottom left) and raspberries (bottom right) 
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5% of the clips were recorded at artificial feeding sites. Of these, 3% (14) showed the bear 
consuming apples and 1% (5) showed corn being consumed. Apples and corn were found 
around artificial feeding sites which the bear visited early in the morning.  
In 16% of the clips, feeding behaviour was observed but the specific food item was not 
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6.1 CLARITY  
 
The percentage of unclear or obstructed clips produced by AVEDs presents a limitation 
that is difficult to overcome when using this technology, largely due to their positioning on 
the underside of a bears neck collar which often results in fur or limbs obstructing the lens. 
This camera positioning is generally beneficial as it provides a front facing view of the 
bears muzzle and shows forward facing behaviours and interactions; however, it also 
makes the camera prone to being obstructed by the bear or vegetation. This issue was 
particularly noticeable in clips where the bear was resting or foraging. A considerable 
number of clips showing the bear resting were obstructed, either by the bear lying on top of 
the camera or the camera being aimed into the ground, and were categorised as such. In 
reality, this is not a significant issue, as videos are recorded sequentially and it is often 
possible to infer what the environment, behaviour, or food in one video might be, based on 
the contents of a previous video. In the context of this study, videos were analysed 
independently and as objectively as possible, therefore making such videos devoid of 
useful qualitative of quantitative information. 
 
While the footage was generally clear, the clarity of footage varied greatly depending on 
the light conditions and the cleanliness of the camera. Certain video clips were also 
affected by the fogging of the lens; however, it was not possible to quantify the exact 
number of fogged recordings due to the varying levels of clarity throught the recording 
period. Clips recorded in poor light conditions, in the early morning and late evening, were 
often too dark to provide reliable information on the bear’s behaviour and surrounding 
environment. This can be avoided in future by programming a later recording period or by 
using a light sensor to trigger recordings. Accelerometer data showed that the bear was 
consistently active throughout the night, so being able to record in low light conditions 
with infrared capable cameras would have greatly improved the quality of data collected. 
Other studies have found success in using infrared-capable camera collars to observe night 
time behaviours of white tailed deer and domestic cats (Lavelle et al., 2012; Egan, 2019). 
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It should be noted that this study focused on a single brown bear during two periods of the 
day, in which bears are most active, and was conducted over a relatively short period of 
time, not taking into account seasonal behavioural shifts. The results, therefore, do not 
represent the typical daily behaviour of brown bears in Slovenia at a population level and 
only serve to describe daily behaviour and activity over a single month, in one area, 
between 03:00 – 06:30, and 18:00 – 21:00 GMT each day (Figure 9). A longer-term study 
using more collars, deployed on more bears at more varied times of day, and in several 
regions, would increase the sample size and make the results more applicable for the wider 
bear population. Other studies using AVEDs are also limited by sample size and have also 
noted that their findings, despite agreeing with existing knowledge, may not be 
representative of the entire population and should not be generalised as such (Thompson et 
al., 2012; Brockman et al., 2017; Egan, 2019).  
 
‘Foraging’ and ‘resting’ were the most frequently recorded behaviours, comprising 45% 
and 39% of the video clips respectively. This matches the conclusions of other studies 
using AVEDs, which have similarly found resting, feeding, and travelling to be the most 
frequently observed behaviours. Two studies, carried out on brown bears in North 
America, identified resting as their primary behaviour (Brockman et al., 2017; Bowersock 
et al., 2015). This result; however, can be partially attributed to the camera collar being 
programmed to record at intervals throughout the day even when bear activity is at its 
lowest. While this enables researchers to acquire a more complete picture of diel bear 
behaviour, particularly in North America where bears are more diurnal, it also wastes a 
considerable amount of battery recording footage of resting behaviours which are mostly 
useless for researching novel bear behaviours. An exception, of course, would be if a 
research question was specifically targeting micro behaviours during periods of rest. A 
study carried out in Scandinavia (Egan, 2019), used camera collars to document the 
activity budgets of four brown bears in Sweden and concluded that the most frequent 
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behaviours were resting, travelling and feeding. Between the four bears, the average 
frequency of these behaviours in video clips was 32% (resting), 38% (travelling) and 25% 
(feeding). The percentage of video clips recording travelling behaviour (categorised as 
‘Moving’) in this study was comparatively small (15%) however, this could be due to 
different behaviour categorisation. For the purpose of this study, the primary category 
‘Foraging’ was used to represent all feeding behaviours, as well as well as the sub 
behaviour ‘searching with smell’ which involved the bear walking while searching the 
ground for food. This sub behaviour accounted for 66% of the videos in this category and 
could be interchangeably interpreted as a travelling behaviour. If videos categorised as 
‘Searching with smell’ had instead been classified under ‘Walking’, the percentage of clips 
showing movement and travelling would have been brought up from 15% to 36%, which 
agrees more closely with the findings of other studies which associated this behaviour 
more closely with travelling than with foraging (Brockman et al. 2017; Egan, 2019). 
 
Commonly used technologies such as GPS telemetry and bio logging can provide accurate 
data on the movements and home ranges of animals, including joint-use spaces which are 
frequently visited by multiple individuals. While GPS collars and proximity loggers can 
provide accurate evidence of interactions, they are unable to describe the nature of these 
interactions. Being able to observe the behaviour of animals during encounters, and to infer 
what potential implications these behaviours might have on populations, is crucial for 
understanding and managing issues that might arise as a result of these interactions 
(Lavelle et al., 2012). Examples of such issues include livestock predation, disease 
transmission, and human-animal conflicts. The potential of AVEDs for studying intra-
species interactions has been demonstrated in other studies carried out on more social 




Out of the 550 recorded instances of feeding, insects (predominantly ants and ant pupae) 
were the majority food consumed and occurred in 41% of the video clips. Berries were the 
second most frequent food item, making up 30% of the video clips. Carrion was present in 
only 2% of videos, and no instances of predation were observed. These findings agree with 
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previous studies on brown bear diets in Slovenia, but are not based on a large enough 
sample size to be generalized across the entire bear population. 
 
Studies on ants as a food source for brown bears in Slovenia have shown that, despite the 
conditions in Slovenia being sub-optimal for ants, they are one of the most important and 
frequently consumed food items by bears, particularly in summer when ant activity is 
highest (Kavčič et al., 2015; Große et al., 2003). Interestingly, bears in Slovenia appear to 
consistently feed on ants even when alternative high energy food sources are available 
suggesting that ants constitute a major part of their diet and that bears selectively feed on 
ants (Große et al., 2003). This is in contrast to research carried out on bears in Scandinavia 
which shows that ants act as a secondary food source to ungulates and berries, which will 
be abandoned when these alternative food sources become available. Research into the 
feeding habits of Scandinavian brown bears has identified ants as one of the most 
frequently consumed foods by brown bears, following ungulates and plant material 
(Persson et al., 2015; Stenset et al., 2016; Egan, 2019). Große et al. (2003) estimated that 
the availability of ants in Slovenia is only 1.4% of that in Central Sweden and found that, 
even though Slovenian bears consumed half as many ants as Scandinavian bears, the 
dietary energy contribution of ants in both areas was almost equal. They estimated that the 
relative use of ants by bears in Slovenia is approximately 30 times higher than in Sweden. 
In the recorded footage, the bear found ants under rocks and logs and appeared to access 
these ants with ease. Ants and pupae were occasionally found inside logs; however these 
were ripped open the ants were also accessed with minimal effort. The clips from this 
study, along with the findings previous studies, reinforce the knowledge that, for Slovenian 
bears, ants represent an extremely energy efficient food that is easily accessible and readily 
available compared to other food sources. 
 
In Slovenia, concentrated natural food sources are rare, and the availability of such 
resources varies greatly between seasons and regions (Große et al., 2003; Kavčič et al., 
2015). Berries and hard mast are among the most important seasonal foods for bears in 
both temperate and boreal climates, particularly during the period of hyperphagia in 
autumn when berries and hard mast become more readily available (Persson et al., 2001; 
Kavčič et al., 2015; Stenset et al., 2016). 
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Supplemental feeding is common practice in Slovenia, and food from artificial feeding 
sites represents a large portion of brown bear diets in terms of energy content. Kavicic et 
al. (2015) observed that even though supplemental food was readily available for bears 
throughout the year, they displayed a preference for natural forage. The annual estimated 
dietary energy content of fruits and hard mast was almost equal to that of supplementary 
food (maize) and insects. While fruit made up a slightly lower portion of the estimated 
dietary energy content than hard mast, it was utilized more frequently. The importance of 
berries in autumn becomes even more apparent in the diet of Scandinavian bears, where 
the seasonal variation of food availability is sharper and alternative food sources are 
scarce. Studies from Russia and Scandinavia suggest that the significance of ungulates in 
brown bear diets increases with latitude, becoming the most important food in northern 
regions of Russia and Scandinavia, particularly during the calving season in spring 
(Persson et al., 2001; Große et a., 2003). In autumn; however, berries consistently surpass 
ungulates as the dominant food source in both northern and southern areas. Bears possess 
diverse and flexible diets which can change according to the spatial and temporal variation 
in food availability and quality (Persson et al., 2001; Stenset et al., 2016; Egan, 2019). 
Understanding the dietary needs of carnivores, such as bears, is extremely important for 
the effective management and conservation of these species as many human-bear conflicts 
occur due to bear foraging behaviour. Due to the seasonality of foods such as insects and 
fruits, bears will display considerable seasonal variation in their diets throughout the year 
as certain foods become available and other foods become scarce (Kavčič et al., 2015). 
 
Analysing faecal matter and stomach contents remain the most effective and commonly 
used methods for analysing the diets of animals. This method allows researchers to identify 
the frequency of occurrence, the quantity consumed, and the dietary energy content of 
foods consumed. AVEDs on the other hand are not a reliable method for analysing the 
diets of brown bears, as they do not provide data on the quantity or frequency of foods 
consumed (Egan, 2019). AVEDs are also limited by the angles of recording, clarity of 
footage, and different resolution settings which can make the precise identification of 
foods more difficult. In 16% of the 550 recorded feeding instances, food items were 
unidentifiable, largely due to lens obstruction, insufficient light, or poor resolution. Other 
studies have also noted that camera resolution was a major limiting factor when identifying 
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ground cover plants and that resolution should be set as high as possible. Nevertheless, 
AVEDs can provide valuable insight into the methods used by brown bears to forage and 
should be integrated with traditional methods. For example, Bowersock et al. (2015) 
observed that bears are able to forage on berries whilst maintaining a normal walking pace. 
Small discoveries such as this can improve management practices by providing a better 
understanding of the energy requirements associated with accessing certain foods and 
where bears access particular food types. 
 
6.4 LIMITATIONS IN EQUIPMENT AND METHOD 
 
The use of AVEDs as a method for studying animal behaviour, while revolutionary in 
some regards, is also riddled with limitations ranging from technical factors such as battery 
life, to cost, commercial availability, and ethical considerations. Battery capacity has long 
been a factor that has limited the use of AVED technology, confining it primarily to short 
term studies on large species. While some studies have conducted longer term studies 
spanning multiple months by using less frequent recording times (Thompson et al., 2012), 
the majority have been carried out over one month. While storage capacity and recording 
quality have improved significantly in recent years, advancements in improving the battery 
capacity and reducing power consumption for mobile devices have been considerably 
slower (Moll et al., 2007). The highest grade camera collar, currently available from Lotek, 
provides an estimated maximum recording time of 80 hours and 512GB of storage. In 
reality, the effective battery life will be considerably lower after taking into consideration 
environmental conditions (temperature) and battery life wasted in unclear or obstructed 
footage. Due to these limitations, researchers must compromise and decide upon the 
optimal recording settings for the time frame permitted by the battery life. This issue was 
highlighted in this study where 39% of the recorded clips showed the bear sleeping. 
Behaviours such as resting are not particularly useful for studying bear behaviour (unless a 
study is dealing specifically with resting behaviours), and waste valuable battery life. Static 
behaviours such as resting can instead be inferred from acceleration data which can 
accurately identify when the bear is not moving. A potential solution for this would be to 
programme camera systems to start recording based on certain signals from other 
integrated sensors. For example, a camera could be programmed to record only when 
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signals from the accelerometer or light sensor exceed a certain threshold, indicating the 
bear is active and the camera is not obstructed or being covered by the bear. This would 
prevent wasteful videos, in which the bear is lying on the camera or sleeping, from being 
recorded, saving valuable battery life and allowing more pertinent data to be collected. In 
addition to the limitations imposed by battery life, the high cost and limited commercial 
availability of these camera units, combined with the ethical and logistical issues 
associated with capturing animals, makes gathering large quantities of data from many 
individuals over a long time period difficult (Moll 2007, Egan 2019). 
 
Certain limitations also exist in the methods studies use to analyse video data collected 
from AVEDs. One immediate issue, which is common in ethological studies, is the 
different ways in which behaviours are defined and categorised. Different studies, focusing 
on the same animal, may classify behaviours in different ways depending on what the 
individual researcher deems to be appropriate and also the background knowledge and 
expectations of the researcher. While the results of these studies may generally overlap and 
agree, certain discrepancies exist simply due to the different ways researchers choose to 
categorise behaviours in videos. The categories chosen in this study suitably captured all of 
the behaviours shown throughout the videos; however, because videos would often feature 
multiple behaviours, and only one behaviour could be assigned to each video, a 
considerable amount of data was dismissed. For example, many videos that were 
categorised as ‘Foraging’ also contained ‘Walking’, and ‘looking around’ behaviours that 
would otherwise have been classed under the ‘Moving’ category. Similarly, many videos 
showed the bear transitioning between forests and clearings, but clips could only be 
marked as showing one of the two. A different approach would be to ensure that categories 
are not mutually exclusive so that one observation can be categorised under multiple 
categories. Furthermore, ensuring that behaviours are as clearly defined as possible would 
prevent clashing catagories in future studies. In this study, there was likely a considerable 
crossover between clips marked as ‘walking’ and clips marked as ‘searching with smell’ 
which could have been prevented with more defined categories. 
 
Humans will subjectivity interpret these behaviours and habitats in different ways, so the 
existing methods used to analyse video data should be refined to ensure that the results are 
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as reliable and comparable as possible. One such way to minimise the effect of cognitive 
bias in visual studies is to have multiple individuals, either simultaneously or individually, 
reviewing data. Video software has also been used to automatically identify the behaviours 
of rodents, and other animals, filmed in habituated environments; however, its application 
in studies using animal-borne cameras is limited. One study used a computer vision 
technique, which incorporated template matching, to track the head movement of green 
turtles according to present visual templates which referenced certain head movements 
(Okuyama 2015). In 86.2% of cases, template matching identified the appropriate head 
movement, and drastically improved the rate at which data could be analysed. They 
concluded that the combination of computer vision software and animal borne bio loggers 
showed great potential for providing a new alternative to existing methods of analysing 
video data on animal behaviour which rely on visual analysis. The rapid development of 
computer processing power in recent years has brought with it new possibilities for the 
development of powerful software such as the computer vision technique used by 
Okuyama et al. (2015). Subjectivity and cognitive bias can have a major impact on the 
quality and reliability of data, and this has been demonstrated in the context of analysing 
animal behaviour through video footage (Tuyttens 2014). It is difficult to assess the impact 
of bias on oneself; however, the effects of certain biases became evident throughout the 
later stages of this study as previous data, collected early in the study, was reviewed and 
compared to video data collected later in the study. Certain videos, analysed at the start of 
the study, had been put into completely different behaviour categories than more recently 
analysed videos despite showing almost identical behaviours. This may be due to a bias 
known as the ‘contrast effect’ which can cause a change in judgement criteria as a result of 
repeated exposure to large quantities of similar ambiguous data of a particular ‘threshold’ 
(Page 2012). The 5177 video clips recorded in this study were analysed in sessions over 
the course of multiple months, with different intervals between each analysing session. 
During each of these sessions, a multitude of factors could have potentially changed how 
certain behaviours and events were interpreted, for example mood, alertness, length of time 
since the previous session, number of videos analysed to date and inexperience. Computer 
software is not limited by these factors and presents a promising solution for addressing the 
problem of bias and subjectivity in visual data analysis. 
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6.5 PUBLIC RELATIONS 
 
One particular overlooked aspect of AVEDs, which other methods of monitoring (apart 
from camera traps) do not possess, is their ability to serve as tools of education and the role 
they can play in fostering public support for conservation efforts. Public attitudes to brown 
bears in Slovenia vary greatly, often due to a lack of knowledge on issues relating to 
livestock predation and foraging habits of brown bears which often bring them into close 
contact with humans. Clear visual information is a powerful accompanying resource to 
hard data and a single video clip of a brown bear will have a greater impact on the general 
public than a set of hard data. While this method may not provide the same quality of 
quantitative data or sample sizes that other methods are able to, it should nonetheless be a 
crucial supplementary method for researching brown bear behaviour, even if to serve 
simply as a visual connection between the public and scientific community.  
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GPS camera collars can provide relatively accurate activity budgets, as shown by the 
similarity of these results to those found in other studies; however, due to limited recording 
times, they do not represent typical daily behaviour of Slovenian brown bears, and instead 
only show typical behaviour during the short recording period they are programmed to 
record in. 
 
Battery capacity and night vision capabilities are still significant limiting factors for this 
method. Considerable trade-offs, between the frequency of recordings and the length of 
video clips, must still be made in order to preserve battery life. This results in an 
incomplete picture of daily behaviour at a population level. 
 
We concluded that, despite the significant advantages of this method and the technological 
advances it has made, GPS camera collars are more suitable as sources of secondary 
qualitative data rather than quantitative data, and should be deployed under well-
constructed hypotheses to ensure that their limited battery life is focused on recording 
relevant information.  
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European brown bears (Ursus arctos) are a secretive, solitary, non-territorial species that 
occur in low population densities and exhibit predominantly nocturnal and crepuscular 
activity patterns. Observing the behaviour of brown bears in natural environments is a 
difficult task for researchers partly due to the nature and ecology of brown bears, but also 
because of the limitations of existing methods used to monitor animals. These methods 
include direct ground observations, scat or track assessments, camera traps, aerial surveys 
using very high frequency (VHF), animal- borne sensors such as tri-axial accelerometers, 
and satellite telemetry using Global Positioning System (GPS) units. These methods 
provide researchers with accurate information on the activity patterns and locations of 
animals, but fail to describe fine-scale sub hourly behaviours that take place. Camera 
trapping is a method well suited to ethological studies and is able to provide detailed 
information on animal behaviour, however, it is limited by its stationary position and 
dependence on an animal’s presence in order for it to activate. 
 
Animal borne video and environmental collection systems (AVEDs) are a relatively new 
technology, first developed in the 1980’s by Greg Marshall, which have provided a new 
angle of approach for researchers to noninvasively observe the behaviour of wild animals 
in their natural habitats. AVEDs are integrated video camera systems that allow 
researchers to record animal behaviour from an animal’s perspective whilst simultaneously 
collecting data from other animal-borne sensors such as GPS units or accelerometers. 
AVEDs have proven their potential in animal behaviour research and have been used to 
discover unique aspects of animal behaviour which were previously unknown, such as the 
differing foraging methods between grizzly bears and black bears. AVEDs have also 
demonstrated flaws within existing methods and have provided valuable supporting 
information to existing monitoring methods. Despite the various advantages that come with 
this method, there also exist a multitude of limitations which have persisted since the early 
usage of this method. The primary limitations of AVED technology are battery capacity, 
storage, weight, size, and recording quality 
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The aim of this thesis was to apply AVED technology and assess some of the advantages 
and disadvantages to its use as a method for researching brown bear behaviour in future 
studies.  
The study took place in a south western region of Slovenia, in the North of the Javornik 
Hills, which contains one of the highest brown bear population densities in the world. 
We found that the primary activities engaged in by the bear were foraging and resting 
which comprised 45% and 31% of the video clips recorded.  The most frequently observed 
sub behaviours under these categories were sleeping (77% of resting clips), searching with 
smell (66% of ‘foraging’ clips). The most frequently observed food items were insects 
(45% of clips) and berries (30% of clips). The most frequent habitat observed was forest 
which appeared in 63% of the video clips. 
 
While the results of this study generally agree with findings from other studies on brown 
bear diet and behaviour, it is apparent that AVED technology in its current state is still 
seriously limited by numerous factors, the most important of which are battery capacity 
and light conditions. Because of light and battery limitations, the time in which bears can 
be effectively recorded is generally confined to the early morning and late evening, when 
bears are most active but there is still enough light for footage to be clear. This limits the 
usefulness of quantitative data acquired by this method as it does not take into account the 
behaviours of bears across an entire day but instead, only represents those displayed during 
two 3 hour recording periods each day. Furthermore, the total recording time is limited by 
battery capacity, meaning that studies are generally short term which results in smaller 
sample sizes making it difficult to generalise the these findings on a population scale. 
Other studies using AVEDs have demonstrated that settings can be calibrated to allow 
recording throughout the day over a longer period of time; however, this produces a trade 
off in the frequency of recordings and the quality of data. As a result of these limitations, 
studies using this technology have primarily been descriptive in nature, but have 
nonetheless provided useful insight into the foraging and predation habits of brown bears. 
To maximise the usefulness of AVEDs, they should be applied to studies under the 
guidance of well-designed hypotheses, and calibrated accordingly to make the most of 
their limited recording time. Improving the range of programmable settings to allow 
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cameras to start recording in response to certain external stimuli, such as light or 
movement, would streamline the method and improve its efficiency. This would ensure 
that battery life is not wasted on stationary behaviour which can be inferred from 
accelerometer data. 
 
This was the first application of this technology in Slovenia, a country with one of the 
highest bear densities in the world, and the successful use of this technology will hopefully 
pave the way for larger scale research to take place in the future. As carnivore populations 
are on the rise in Europe, the frequency of human-animal conflicts will undoubtedly 
increase, so the ability to see and understand how animals, such as the brown bear, behave 
is vital for effectively managing these inevitable conflicts that may arise. AVEDs play an 
important role in education and rallying support for conservation efforts by forming a 
visual channel between the scientific community and the public. Public opinion on large 
carnivores is often mixed, often due to a lack of knowledge on conflicts that occur such as 
livestock predation. The literature on animal behaviour indicates that AVEDs possess 
enormous potential for researching the behaviours of secretive and far ranging animal 
species in the wild, particularly when combined with other animal borne bio-loggers. 
Predation, foraging habits and inter-specific interaction are all examples activities and 
behaviours that are difficult to accurately document without the input of visual data. Video 
footage, used in conjunction with data collected from existing biotelemetry methods, bio 
loggers and sensors can provide important contextual information that reinforces, and 
increases, the quality of data gained by these other methods. The application of AVEDs is 
still relatively rare in comparison to that of other techniques, such as biotelemetry and 
camera trapping, and there are still considerable obstacles that limit the effectiveness of 
this technology. However, as camera technology continues to develop, and devices become 
increasingly affordable and commercially available, researchers will be able to more easily 
integrate these systems into future studies and effectively use them to delve deeper into 
new and previously unobserved aspects of brown bear ecology. 
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Spremljanje vedenja rjavih medvedov (Ursus arctos) v naravnem okolju je težavna naloga 
za raziskovalce, deloma zaradi narave in ekoloških značilnosti rjavega medveda, hkrati pa 
težavo predstavljajo omejitve povezane z obstoječimi metodami spremljanja vedenjskih 
vzorcev. Evropski rjavi medvedi so skrivnostne, samotarske, ne-teritorialne vrste, ki se 
pojavljajo v nizkih populacijskih gostotah in so aktivne predvsem ponoči in v večernih 
urah. (Jerina 2003; Parres 2020). Zaradi teh značilnosti, skupaj s pogosto težko dostopnim 
terenom v katerem bivajo, predstavlja opazovanje vedenja rjavih medvedov še posebej 
velik izziv. Poskusi raziskovanja in razumevanja vedenjskih vzorcev velikih izmuzljivih 
živali, kot je rjavi medved, so bili večinoma omejeni na neposredna opazovanja na tleh, 
posredne metode kot so analiza iztrebkov in sledi, pregledi iz zraka z visoko frekvenco 
(VHF), meritvene naprave povezane na žival, kot so triosni merilniki pospeška ter 
satelitska telemetrija, ki se poslužuje naprav globalnega sistema pozicioniranja (GPS) 
(Thompson, 2012; Jerina 2013; Egan 2019). Z metodami monitoringa na daljavo kot je 
GPS in radijska telemetrija lahko zaznavamo gibanje medvedov s precejšno prostorsko-
časovno natančnostjo, vendar pa so znatno omejene, ko poskušamo dokumentirati 
podrobnejše vedenje, kot je iskanje hrane in socialne interakcije (Thompson, 2012, 
Brockman, 2017). Po drugi strani nudijo neposredna opazovanja bolj natančne primere 
specifičnega vedenja, a je pogostost in zanesljivost teh opažanj precej nizka. 
 
GPS kamera ovratnice (v angleščini Animal-borne Video and Environmental Data 
Collection System - AVED) predstavljajo relativno novo tehnologijo, prvič razvito v 1980-
ih s strani Grega Marshalla, ki raziskovalcem nudi nov pristop k ne-invazivnemu 
opazovanju vedenja divjih živali. AVED so sistemi vgrajene video kamere, ki omogočajo 
raziskovalcem posneti živalsko vedenje z perspektive živali ter hkratno zbiranje podatkov 
z drugimi napravami povezanimi z živaljo (Moll, 2007). Ta metoda omogoča 
raziskovalcem pomemben vpogled v vedenjske vzorce, ki so bili do sedaj neraziskani, in 
postaja vse bolj ključnega pomena z napredkom tehnologije. Video GPS ovratnice se 
uporabljajo predvsem za morske vrste, apliciranja na zemeljske živali so v primerjavi 
razmeroma redke. Posledično so se vodni AVED-sistemi razvili hitreje kot zemeljske 
različice, ki so šele pred kratkim začele uporabljati. Nedavni razvoj tehnologije baterij in 
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pomnilniška kartica je naredilo uporabo te tehnologije na kopnem bolj izvedljivo in se 
uspešno uporablja na medvedih in drugih velikih živalih z velikim življenjskim prostorom, 
z namenom razkritja vidikov vedenja živali, ki jih prej nismo poznali (Egan, 2019). Primeri 
takšnega vedenja vključujejo razlike v tem, kako se grizli hranijo iz jablanovih 
sadovnjakov v primerjavi s črnimi medvedi, kot tudi primer kanibalizma med dvema 
medvedoma. AVED-i so razkrili tudi pomanjkljivosti obstoječih metod. Brockman in sod. 
(2015) so ugotovili, da so tradicionalne metode ocenjevanja stopnje smrtnosti netočne, in 
Bowerman in sod. (2015) so ugotovili, da so preiskave skupin GPS lokacij na terenu so 
samo v 7.1% primerih pravilno ugotovile s čim so se medvedi prehranjevali. 
 
Kljub različnim prednostim, ki jih prinaša ta metoda, obstajajo tudi številne omejitve, ki 
obstajajo že od zgodnje uporabe te metode. Primarne omejitve tehnologije video GPS 
ovratnic so zmogljivost baterije, prostor za shranjevanje, teža in velikost, kakovost 
posnetkov, in potreba po svetlobi. Pomembna ovira, ki jo doživljajo raziskovalci pri 
proučevanju vedenja živali, je zagotavljanje, da naravno stanje živali ni moteno. 
Neposredno opazovanje rjavega medveda, ne da bi ga navadili na prisotnost opazovalca, je 
izredno težko. Video GPS ovratnic so ugodni v tem, da omogočajo zbiranje video 
posnetkov, skupaj z GPS koordinatami in podatki merilnika pospeška, ne da bi spremenili 
naravno stanje živali. Nekateri dokazi kažejo, da lahko naprave znotraj sprejemljive teže 
povzročijo škodljive spremembe v vedenju živali, kot je zmanjšana gibljivost morskih vrst, 
vendar so ti učinki, če sploh obstajajo, začasni in ne povzročajo dolgoročnih sprememb. 
(Rachlow 2014; Egan 2019). Da bi zmanjšali učinek AVED na žival, je treba težo naprave 
ohranjati pod 3-5% telesne teže živali (Moll 2007; Millspaugh 2007). To pomeni tudi 
omejevanje velikosti akumulatorja in s tem življenjske dobe baterije. Nekatere funkcije z 
možnostjo programiranja lahko kompenzirajo omejeno življenjsko dobo baterije, na primer 
delovni cikel, s katerim je kamera programirana za snemanje le v določenih obdobjih, 
hkrati cikel diktira tudi dolžino in pogostost zajemanja posnetkov. Velike živali, kot so 
rjavi medvedi, so lahko opremljene z večjimi sistemi, ki omogočajo daljši čas snemanja pri 
višji ločljivosti, vendar povečanje velikosti naprave še vedno ne zadošča za popolno 
odpravo omejitev življenjske dobe baterije. Z napredkom tehnologije, so se pomnilniške 
kartice razvile do te mere, da notranja zmogljivost shranjevanja ni več omejevalni 
dejavnik. Po drugi strani pa je življenjska doba baterije še vedno glavna omejitev. 
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Poleg tehničnih omejitev, so posnetki narejeni z video GPS ovratnic pogosto nejasni in 
ovirani-zaradi okolja ali živali same, kar lahko vodi k kognitivnim pristranskostim pri 
interpretaciji. Kot pri vseh raziskavah opazovanja, je tudi v tem, kako opazovalec 
interpretira vsebino videoposnetka, prisoten element subjektivnosti. To je še posebej 
pogosto pri obravnavi velikih količin dvoumnih ali nejasnih podatkov, kar je pogosto pri 
posnetkih narejenih z video GPS ovratnic. Druge raziskave so pokazale učinek 
pristranskosti opazovalca pri analizi video posnetkov vedenja živali (Tuyttens, 2014). Te 
pristranskosti ni mogoče odpraviti, lahko pa jo zmanjšamo tako, da videoposnetke analizira 
več strokovnjakov ali pa se za video analizo uporabi programska oprema, kar posledično 
avtomatizira analitični postopek. 
 
Raziskava je bila izvedena leta 2018 in je zajela del osrednjega zaščitenega območja 
medveda v slovenskem Dinarskem gorstvu. Raziskovalno območje leži v severnem delu 
Javorniškega hribovja in meji na Cerkniško kotlino na vzhodu, na porečje Pive na zahodu, 
nadaljuje pa se proti jugu do Snežnika in do gorskega območja Gorskega Kotarja. Območje 
je pokrito pretežno z gozdom, ki ga sestavlja predvsem bukev (Fagus sylvatica) in jelka 
(Abies alba) – Omphalodo-fagetum. Ta regija Slovenije vsebuje eno največjih znanih 
gostot populacije rjavih medvedov na svetu, ocenjeno na 0,5 medveda / km
2
, in naseljuje 
številne druge vrste manjših mesojedov, kopitarjev in ptic. Podnebje je pretežno celinsko, 
vendar ima lastnosti tudi alpskega, sredozemskega in panonskega. Posledično so tu poletja 
vroča, zime hladne in letne padavine obilne. Raziskava je bila izvedena na samcu rjavega 
medveda, ki je bil junija 2017 uspavan in opremljen z ovratnico. Medved je bil z vabo 
privabljen na območje v bližini mesta za krmljenje, kjer je bil ustreljen s puško in 
odmerkom uspavala. Strel je bil opravljen s stojišča, ki je bilo 15 m oddaljeno od krmišča. 
Ta metoda je bila izbrana z namenom zmanjšanja potencialne poškodbe in stresa na živali. 
Po uspavanju je bil medved opremljen z ovratnico Lotek Video PS-GSM, ki je bila 
sestavljena iz modula za videoposnetke, GPS sprejemnikom, VHF kanalom in merilnikom 
pospeška. Kamera je bila programirana za zajem posnetkov vsak dan med 03:00 - 06:00 ter 
18:00 - 21:00 uro, od 20. junija do 27. julija, in je imela vgrajen mehanizem odpenjanja-
ločitve od živali, ki naj bi se aktiviral po enem mesecu. GPS koordinate so bile zabeležene 
vsakih 30 minut, odčitki merilnika pospeška pa vsakih 5 minut. 
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Po tem ko smo ovratnico z GPS kamero našli, so bili zajeti podatki preneseni in ročno 
analizirani v skladu z vnaprej določenimi kategorijami. Te kategorije so bile izbrane na 
podlagi obstoječega znanja o prehrani in vedenju medvedov ter kategorij, uporabljenih v 
drugih raziskavah. Videoposnetke smo najprej razvrstili v eno od štirih dejavnosti: Počitek, 
Gibanje, Iskanje hrane, Družbena interakcija. Vsako od teh dejavnosti smo naprej razdelili 
na skupke vedenj, ki so opisovali bolj specifična pod-obnašanja, povezana z vsako 
dejavnostjo. Vedenja, navedena pod počitkom, so bila: spanje, ležanje in gibanje ter 
negovanje. Vedenja, navedena pod 'premikanje', so bila: hoja, ogledovanje okolice, stanje 
pri miru, tekanje, skakanje ter drugo. Vedenja, povezana z iskanjem hrane, so bila: iskanje 
z vonjanjem, hranjenje s tal, hranjenje z rastlin, kopanje, trganje, pitje. Videoposnetki so 
bili razvrščeni tudi glede na prisotnost hrane, habitatne tipe ter ali je prišlo do kakršne koli 
socialne interakcije. 
 
V času raziskave je bilo zbranih 5177 video posnetkov, od tega 4112 različnih. Medved je 
večino časa preživel v iskanju hrane in počitku. Ti dve dejavnosti sta zajemali 45% 
oziroma 39% video posnetkov. Premiki so predstavljali 15% posnetkov, družbena 
interakcija pa 1%. Znotraj 39% video posnetkov, ki prikazujejo medveda, kako počiva 
(1590 video posnetkov), je bilo 77% označenih kot spanje. To je bilo najpogostejše 
vedenje med mirovanjem, pri čemer sta bili drugi najpogostejši ležanje in gibanje, ki je 
obsegalo 22% posnetkov, kategoriziranih kot mirovanje. Dve raziskavi o rjavih medvedih 
v Severni Ameriki sta mirovanje opredelili kot glavno vedenje (Brockman 2017; 
Bowersock 2015). Ta rezultat lahko delno pripišemo kameri na ovratnici, ki je bila 
programirana za snemanje podnevi, ko je aktivnost medvedov najnižja. Egan (2019) je 
ugotovil, da počitek, premikanje in hranjenje zavzemajo podobne deleže dejavnosti 
medveda.  
 
1815 video posnetkov prikazuje medveda pri iskanju hrane. V tej kategoriji dejavnosti je 
bilo najpogosteje opaženo vedenje iskanje z vonjanjem, kar je predstavljalo 66% 
videoposnetkov v tej kategoriji. Hranjenje s tal in hranjenje z rastlin sta bili naslednji 
najpogostejši vedenji, ki sta predstavljali 19% oziroma 11%. V primerjavi z drugimi 
raziskavami AVED, opravljenimi na rjavih medvedih, je bil odstotek videoposnetkov, ki so 
bili kategorizirani kot iskanje hrane, razmeroma visok. Potencialni vzrok te razlike so 
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različni načini, odločanja raziskovalcem za prepoznavanje vedenja in kategorizacijo 
videoposnetkov. V tem primeru je bilo "iskanje z vonjanjem" vedenje, ki je bilo razvrščeno 
pod "iskanje hrane" in je bilo združeno z drugimi vedenji, povezanimi s hranjenjem. 
Vendar pa so se merila za to vedenje zelo ujemala z merili za premikanje, saj sta obe 
vključevali premikanje medveda naprej. Druge raziskave so te videoposnetke najverjetneje 
opredelile kot premikanje medveda, in ne iskanje hrane ali prehranjevanja. Najpogosteje 
opažena hrana so bile žuželke, ki so bile identificirane kot mravlje-opazili smo jih v 41% 
posnetkov-in različno jagodičevje (maline), ki smo jih opazili v 30% posnetkov. Manj 
pogost tip hrane so bile rastline, ki so se pojavile v 7% posnetkov, mrhovina, ki se je 
pojavila v 2%, in koruza, ki se je pojavila v 1% posnetkov. V 16% posnetkov hranjenja ni 
bilo dovolj razločno za kater tip hrane gre. Medvedi so, kar se tiče prehrane, precej 
fleksibilni in se lahko prilagajo sezonski in prostorski razpoložljivosti hrane (Persson in 
sod. 2001; Stenset 2016; Egan 2019). Koncentrirani naravni viri hrane v Sloveniji so redki, 
posledično medvedi kažejo bistveno bolj oportunistične prehranjevalne navade v 
primerjavi z medvedi Severne Amerike in Skandinavije. Žuželke (pretežno mravlje) in 
jagodičevje sta najpomembnejši vrsti hrane, ki jo uživajo evropski rjavi medvedi in tvorijo 
velik del prehrane rjavega medveda (Persson 2015; Stenset 2016; Egan 2019). Zlasti 
mravlje predstavljajo pomemben del ocenjene vsebnosti energije v hrani v slovenski 
prehrani rjavega medveda, čeprav so pogoji za mravlje neoptimalni. V Skandinaviji, kjer 
so razmere ostrejše in je sezonska razpoložljivost živil, kot so žuželke in jagodičevje, manj 
ugodna, mravlje delujejo kot sekundarni vir hrane-za kopitarji in so medvedom lažje na 
voljo kot v Sloveniji. Relativna uporaba mravelj za prehrano s strani medvedov v Sloveniji 
je približno 30-krat višja kot na Švedskem, kljub temu, da je ocenjena razpoložljivosti 
mravelj v Sloveniji le 1,4% tiste na Švedskem (Große 2003). Prevladujoči življenjski 
prostor v videoposnetkih je bil gozd, ki se je pojavil v 63% videoposnetkov. Preostali 
videoposnetki prikazujejo medveda na odprtih prostorih, ki so se pojavili v 27% 
posnetkov-v 4% so jih predstavljali travniki in druga okolja, kot so krmišča, ceste, 
železnice, jame in struge, ki so skupaj predstavljala manj kot 2% video posnetkov.  
 
Rezultati, pridobljeni v tej raziskavi, se na splošno ujemajo z rezultati podobnih raziskav, 
ki so prav tako za najpogostejše vedenje medvedov prepoznale hranjenje, počitek in 
premike. Vendar pa naši rezultati ne predstavljajo običajnega dnevnega vedenja rjavega 
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medveda v Sloveniji. Ta raziskava je bila namreč izvedena v kratkem poletnem obdobju, 
posnetki pa so bili zajeti le med 3.00 - 6.00 in 18.00 - 21.00 uro. Zato dobljeni rezultati 
predstavljajo le tipično vedenje v poletnih večerov in mraku ter niso reprezentativni za 
dnevno ali letno vedenje na populacijski ravni. 
 
Raziskava je izpostavila številna vprašanja, s katerimi se sooča uporaba te tehnologije, ki 
so bila omenjena tudi v dosedanjih raziskavah-predvsem omejitve, kot so zmogljivost 
baterije in svetlobne zahteve za kvalitetne posnetke ter potencialne učinke pristranskosti 
opazovalcev. Zmogljivost baterije in svetlobne zahteve kamere omejujejo raziskovalce pri 
njihovi zmožnosti neprekinjenega snemanja posnetkov s kamerami vgrajenimi v ovratnice, 
kar posledično zahteva nekatere kompromise. V tem primeru je bila kamera vnaprej 
programirana za snemanje dveh 10-sekundnih posnetkov zgodaj zjutraj in zvečer, ko so 
bile svetlobne razmere za snemanje ustrezne in je znano, da je aktivnost medveda najvišja. 
Ta delovni cikel je le ena izmed številnih možnih konfiguracij, ki bi se lahko uporabile za 
raziskovanje vedenjskih vzorcev medvedov, vendar hkrati doprinesejo določene 
pristranskosti in neskladja, ki se pokažejo pri primerjavah z drugimi raziskavami z 
drugačnimi konfiguracijami. To je razvidno iz večjega števila videoposnetkov, ki 
prikazujejo mirovanje, od raziskav iz Severne Amerike, kjer so bile kamere programirane 
tako, da pogosteje snemajo čez dan, ko naj bi bili medvedi manj aktivni. V tej študiji je 
39% posnetih video posnetkov, ki prikazujejo medveda, ki spi ali leži, predstavljalo velik 
izdatek baterije, ki bi lahko bil uporabljen za snemanje drugega vedenja. Pri raziskovanju 
natančnega vedenjskih vzorcev medvedov takšna vedenja niso posebej uporabna in jih je 
mogoče razbrati iz podatkov merilnika pospeška. Ena izmed možnih rešitev za to bi bila 
nastavitev kamere, da začne snemati na podlagi signalov drugih vgrajenih senzorjev, kot so 
merilniki pospeška ali detektorji svetlobe. To bi zmanjšalo odstotek videoposnetkov, ki 
prikazujejo medveda neaktivnega in nepremičnega, prihranilo bi življenjsko dobo baterije 
in omogočilo opazovanje drugih pomembnejših oblik vedenja. 
 
Raziskava je prav tako poudarila pristranskost, kako se vedenje razlaga in kategorizira. 
Vsak raziskovalec lahko vedenja razvrsti na različne načine in vsebino video posnetkov 
razlaga različno, kar pomeni razlike v rezultatih. Rezultati teh raziskav so si sicer lahko še 
vedno slični in sledijo podobnemu trendu, vendar vsekakor ni zaželeno, da prihaja do 
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odstopanja zgolj zaradi subjektivnosti teh metod. Ta učinek lahko zmanjšamo tako, da 
zagotovimo, da videoposnetke analizira več izkušenih strokovnjakov in da isti posamezniki 
analizirajo vse videoposnetke. Učinek pristranskosti je bil očiten v tej raziskavi med 
postopkom video analize, ko so se merila, za prepoznavanje vedenj, nevede postopoma 
spreminjala. Nekateri videoposnetki, analizirani na začetku raziskave, so bili uvrščeni v 
popolnoma drugačne vedenjske kategorije kot kasneje analizirani videoposnetki, čeprav so 
prikazovali skoraj enako vedenje. To je bila najverjetneje posledica kombinacije različnih 
pristranskosti in nihanja različnih dejavnikov, kot so razpoloženje, budnost in motivacija. 
Dokler se video posnetki še naprej analizirajo na tak način, bodo ti elementi subjektivnosti 
še naprej prisotni. Programska oprema za video analizo ponuja potencialno alternativo 
ročni analizi podatkov in je že bila uspešno uporabljena za prepoznavanje vedenja 
glodavcev in drugih živali, posnetih v njihovih domovanjih. Vendar pa je njena uporaba v 
raziskavah, kjer se uporablja kamere na živalih omejena. Nadaljnji razvoj programske 
opreme za video analizo, ki lahko samodejno razlikuje med vedenjem, predstavlja 
obetavno rešitev za izboljšanje učinkovitosti prepoznavanja vizualnih podatkov in za 
zmanjšanje učinka pristranskosti. V sedanjem stanju so ti programi še vedno omejeni v 
svojih zmožnostih in so potrebni dodatnega razvijanja preden bodo primerni za širšo 
uporabo. 
 
Ovratnice opremljene z GPS kamerami lahko zagotavljajo razmeroma natančne zajete 
skupke dejavnosti, kar dokazuje dobra primerljivost naših rezultatov z rezultati drugih 
raziskav, vendar zaradi omejenega časa snemanja ne predstavljajo tipičnega dnevnega 
vedenja rjavih medvedov v Sloveniji in namesto tega prikazujejo vedenje le v kratkih 
posnetkih za katere so programirane. Zmogljivost baterije in zmogljivosti nočne optike so 
še vedno pomembni omejevalni dejavniki za to metodo-posledično prihaja do znatnih 
kompromisov med pogostostjo snemanja in dolžino video posnetkov z namenom ohranitve 
življenjska doba baterije. Rezultati so zato nepopoln prikaz vsakodnevnega vedenja na 
populacijski ravni. 
 
Naši zaključki so, da so, kljub pomembnim prednostim te metode in tehnološkemu 
napredku, ki je bil narejen, ovratnice z GPS kamerami bolj primerne kot vir sekundarnih 
kvalitativnih podatkov-ne kot kvantitativnih podatkov in se jih je potrebno posluževati na 
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osnovi dobro postavljenih hipotez, da se zagotovi učinkovito zajemanje ustreznih 
informacij glede na  njihovo omejeno življenjsko dobo baterije. 
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